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ANCER of the large bowel is one of the
most common malignancies in industrial-
ized countries. In 1990, this cancer will kill an
estimated 60,900 people in the United States,
making it the second leading cause of cancer
death.! An estimated 155,000 men and women in
this country will be diagnosed with large bowel
cancer this year, with only 50% surviving more
than 5 years.!

Several screening strategies to reduce mortal-
ity from this disease, including detection of
occult fecal blood* and flexible sigmoidoscopy,
have been proposed.® However, the value of
available screening modalities in reducing cancer
mortality is still the subject of intensive debate
and research.?

Given that available treatment is of limited
value in many patients with unresectable large
bowel cancer and that screening has an uncertain
role in controlling this disease, the need for
primary prevention initiatives is great. Even
though the causes of large bowel cancer are
understood far less clearly than the causes of
lung cancer, research over the past few decades
points to realistic possibilities for reducing the
incidence of large bowel malignancies.

THE CONTINUUM OF LARGE BOWEL
CARCINOGENESIS

Figure | suggests a dynamic continuum of
events leading to large bowel cancer. The process
begins with one or more environmental factors
acting in concert with one or more host factors.
This complex of environmental and host factors
leads to changes in the internal large bowel
environment, which in turn effect specific alter-
ations in the large bowel that are necessary
precursors to the development of a cancer.

Large bowel carcinogenesis originates in a
long-term, evolving interaction between environ-
mental and host factors. For example, dietary
factors may alter endogenous characteristics such
as bowel flora or hepatic metabolism, which in
turn may influence the further processing of
ingested foods and carcinogens. However, the
extent to which dietary factors alter gut flora or
liver functioning may in turn be determined by
inherited metabolic characteristics or prior expo-
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sure to environmental factors such as ethanol or
occupational toxins. Given the complex processes
leading to large bowel cancer, the responsibility
of investigators in cancer prevention is to identify
those elements of the environment-host interac-
tion that are decisive, that is, are most amenable
to practical interventions leading to a reduction
in the incidence of this disease.

Although the relation between environmental
and host factors is dynamic and mutually reinforc-
ing, this discussion will deal with these two sets of
factors separately.

ENVIRONMENTAL FACTORS

Evidence for Environmental Determinants of
Large Bowel Cancer

There is more than a tenfold difference in
colon cancer mortality between those countries
with the highest and those with the lowest rates.
Results from time-trend and migration studies
indicate that these geographic differences are
attributable primarily to environmental factors.
From 1969 to 1981 the large bowel cancer
mortality in Japan increased 44% in men and
40% in women.” Numerous studies of cancer
rates in migrants demonstrate that the large
bowel cancer rates of migrants generally con-
verge on the rates for the country of destination,
even for countries in which rates were initially
higher.® It is particularly noteworthy that this
convergence of rates can occur within the lifespan
of the migrants themselves.’

These marked changes in disease rates over a
relatively short period likely reflect changes in
the exposure environment rather than any alter-
ation in inherited susceptibility to large bowel
cancer.
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Fig1. Continuum of large bowel carcinogenesis.

Evidence in Support of Dietary Causation

On both epidemiologic and physiological
grounds, it is reasonable to suspect that dietary
factors play a key role in the etiology of large
bowel cancer. In accord with the ecologic evi-
dence, dietary patterns vary widely across coun-
tries; dictary intake has changed over time in
several countries such as Japan; and diet cer-
tainly changes with migration and accul-
turation.®® Diet as an etiologic factor is certainly
plausible biologically. Food and its various metab-
olites reach the bowel mucosa directly, and
various nutrients affect several physiological pro-
cesses that may be important in large bowel
carcinogenesis, including bile acid production
and pH determination.'®!!

Researchers have identified relatively few non-
dietary, environmental determinants of large
bowel cancer. Most studies have not found smok-
ing to be related, and the data implicating
occupational factors (such as asbestos) are
sparse.’?

Specific Dietary Hypotheses

The following sections briefly review the lead-
ing dietary hypotheses for large bowel cancer.

Dietary fat. Countries with higher per capita
fat consumption tend to have higher large bowel
cancer rates, with correlation coefficients in the
range of 0.8.% Several analytic epidemiologic
studies have shown a positive association between
fat intake and large bowel cancer, though the
data are not entirely consistent.”® In a recent
prospective study comprising 150 colon cancer
cases among nurses, Willett' found a relative
risk of 1.9 for women consuming 65 g or more of
animal fat daily (highest quintile) compared
with those consuming less than 39 g (lowest
quintile). No association was noted between
vegetable fat and colon cancer in these women.

Experiments involving the administration of
chemical carcinogens to laboratory animals have
also shown dietary fat to be a potent promoting
agent.’

One means by which dietary fat may affect
large bowel carcinogenesis is through its influ-
ence on bile acid production.'®!” In laboratory
models, bile acids, especially the secondary bile
acids, alter the proliferative activity of intestinal
crypt cells' and promote tumorigenesis.'” In
addition, the amount of fat in the diet directly
affects the amount of free fatty acids in the bowel
lumen,”® and these free fatty acids may also
damage bowel mucosa.”!

Calories. 1t is difficult to separate the effects
of high-fat and high-caloric intake. Foods high in
fat also tend to be high in calories, because fats (9
kecal/g) are more calorie-dense than proteins or
carbohydrates (4 kcal/g). Increased caloric in-
take increases colorectal tumor yield in animal
expcriments,h and several case-control investiga-
tions have noted a crude association of total
calories with risk of large bowel cancer.” How-
ever, Willett et al observed no effect of total
energy consumption in their recent prospective
study of colon cancer,'® and, in at least one large
case-control study, the crude effect of caloric
intake disappeared when fat consumption was
taken into account.?*

Meat. Another correlate of fat intake that
may influence the risk of large bowel cancer is
meat consumption. Cooked meats are a major
source of animal fat and calories, but they also
contain known carcinogenic compounds, includ-
ing a class of heterocyclic amines that are pro-
duced with high-temperature cooking methods
such as broiling and frying.”® Although it is
known that human populations consuming large
per capita quantities of meat are also routinely
ingesting an appreciable quantity of mammalian
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carcinogens derived from cooked meats, the ef-
fects on humans are still unknown. The two
epidemiologic studies that examined cooked meat
consumption and large bowel cancer risk did not
observe an association,'*? but the strength of
laboratory evidence warrants further epidemio-
logic investigations on this topic.

Dietary fiber. Burkitt?’ suggested 16 years
ago that a relative deficit of fiber in the diet
typical of Western industrialized countries was
responsible for elevated large bowel cancer rates
in these countries. The international correlation
data support the dietary fiber hypothesis, with
countries having a greater per capita consump-
tion of dietary fiber having lower large bowel
cancer mortality,”® although the correlations are
not as strong as those for dietary fat.® Findings
from within-country interregional studies also
corroborate this hypothesis.”” A majority of ana-
Iytic epidemiologic studies that assess dietary
fiber have generally shown a protective effect for
fiber.*® Experiments in animal models have dem-
onstrated a protective effect of insoluble dictary
fiber, but results have been inconsistent for other
types of fiber.3!

The dietary fiber hypothesis, like the dictary
fat hypothesis, is also biologically plausible. Di-
etary fiber can be defined on a physiological basis
as the endogenous components of plant materials
in the diet that are resistant to digestion by
enzymes produced by humans.’® The major di-
ctary components are the nonstarch polysaccha-
rides, cellulose, hemicellulose, and pectin, plus
the nonpolysaccharide, lignin. By increasing stool
bulk, dietary fiber is thought to dilute the concen-
tration of potentially carcinogenic or mucosa-
damaging substances (such as bile acids) in the
bowel lumen.** Moreover, ingestion of some types
of fiber increases fermentation by gut bacteria.
This, in turn, produces short-chain fatty acids in
the bowel and reduces the intraluminal pH.* A
lower pH may reduce bowel cancer risk by
reducing the solubility and ionization of both free
fatty acids and free bile acids— the ionized form
of these substances results in mucosal damage.!?
In addition, the short-chain fatty acid butyrate
may have antineoplastic properties of its own.*

Vegetables and fruits. Case-control studies
of large bowel cancer have assessed vegetable
intake more frequently than any other nutrient or
food group; it is usually found to be protective.’
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Although earlier case-control studies reported
the protection to be due to specific cruciferous
vegetables, more recent studies have reported a
reduced risk for all vegetables.*® Because vegeta-
bles in most industrialized countries are a major
source of dietary fiber (42% in the Uhnited
States®’), it is often difficult to separate the effect
of fiber and vegetables in analytical studies.
Thus, the protection from vegetables might also
be due to fiber or the combination of fiber and
specific anticarcinogens.

Although the association between fruit intake
and large bowel cancer is not as strong as that for
vegetable intake, researchers have reported a
protective effect in several case-control stud-
jes 3840

Animal experiments have been largely limited
to isolated chemical constituents of vegetables,
rather than vegetables per se.*! Vegetables con-
tain cancer inhibitors such as indoles, flavonoids,
and glucosinolates.*? Several potential anticar-
cinogenic constituents in vegetables are also
present in fruits.*

Calcium. Garland et al,* in the prospective
Western Electric Study, have shown an inverse
relation between dietary calcium intake and
subsequent colorectal cancer. Epidemiologists
have found this calcium-large bowel cancer link
in other, but not all, studies.* Although the
number of data points was small, an interna-
tional correlation study has shown an inverse
relation between dietary calcium intake and
large bowel cancer incidence.* Calcium supple-
mentation in human volunteers can reduce the
proliferative activity of colonic epithelial cells*64”
although a recent study did not replicate this
finding.*®

Calcium may bind intraluminally with free
fatty acids and free bile acids to prevent mucosal
damage.”® In support of this idea, Wargovich et
al* have shown that calcium prevents mucosal
damage from experimentally instilled fatty* and
bile*® acids in animal models. However, not all
the relevant effects of calcium need be intralumi-
nal, and a systemic effect (with calcium reaching
colonic epithelial cells through the blood) is
plausible.’*

Alcohol.  Although several studies have dem-
onstrated an association between alcohol con-
sumption and large bowel cancer, particularly
between beer and rectal cancer, other studies
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have shown no such relation.’! The inconsistency
in these studies to date does not permit any firm
conclusions about a role for ethanol in the etiol-
ogy of large bowel cancer.

Methodological Problems in Studying Diet and
Large Bowel Cancer

Although many researchers accept the impor-
tance of diet as the key environmental determi-
nant of large bowel cancer, progress in the
development of specific primary preventive strat-
egies is constrained by a few persistent method-
ological problems.

The concept of dietary pattern. People do
not eat single nutrients in isolation; they eat a
mix of whole foods. Moreover, the various nutri-
ents associated with large bowel cancer arc
highly correlated in human diets. As a conse-
quence of this intercorrelation of nutrients, it is
difficult to disentangle the effects of animal fat
versus total calories versus cooked meat or of
fiber versus vegetables and fruit in analytic
epidemiologic studies. This intercorrelation of
key nutrients argues for a greater emphasis—in
both observational and intervention studies—on
the concept of “‘dietary pattern.” A dietary
pattern can be characterized by a particular
cluster of several key nutrients, but it comprises
the totality of foods. Examples of dietary pattern
might be the “typical Western high-fat diet” or
the “Middle Eastern diet.” It is possible to
identify dietary patterns in this country that
correspond—at least in terms of several key
dietary elements—to those from low- and high-
risk areas around the world.

Apart from its practicality, the dietary pattern
concept has other theoretical virtues. There may
be unidentified nutrient components of a dietary
pattern that play an important etiologic role in
large bowel cancer. Etiologic analyses OF interven-
tions based on dietary patterns will necessarily
capture the biological effects of these unidenti-
fied nutrients that might be missed in investiga-
tions focusing only on specific (and known)
nutrients. Furthermore, there may be important
and potentially complex interactions among di-
etary constituents in relation to large bowel
carcinogenesis. These interactions will be auto-
matically reflected in any association demon-
strated between a dietary pattern and large
bowel cancer, but they may be difficult to demon-
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strate when the research focus is a single nutri-
ent.

A few epidemiologic studies have assessed the
effect of a combination of dietary variables on
colon cancer risk; for example, a high-fat/low-
fiber diet has been associated with an increased
risk.5? Kune et al have recently found a 20-fold
difference in large bowel cancer risk for persons
with six or more dietary risk factors compared to
those with one dietary risk factor.”

Limitations of animal models. Although
most animal carcinogenicity experiments have
been conducted in rodents, there is some concern
that rodents do not provide an optimal animal
model for human large bowel carcinogenesis.
Unlike humans, rodents have large cecums with
intense bacterial metabolic action. Their bacte-
rial flora are quite different from human colonic
microflora and produce different metabolic
products.”

Consequently, some investigators are conduct-
ing experiments in primates, particularly cotton-
topped tamarins, that are prone to adenoma
formation, colitis, and colorectal cancer.>* For a
few key questions, these experiments may yield
more directly applicable results than rodent stud-
ies.

Attempts also have been made to develop more
specific rodent bioassays that might prove predic-
tive for the detection of large bowel carcinogens.‘
These are not yet widely used or adequately
validated.

Error in dietary assessment. Several meth-
ods are used 1o assess what people eat. The usual
goal of an epidemiologic investigation of diet and
a disease outcome is t0 determine “typical” or
“ayerage’” intake of various foods and nutrients
and then to classify individuals into one of several
categories of intake. Investigators then deter-
mine the disease risk associated with each of
these intake categories.

The most common techniques for assessing
diet in epidemiological studies are the 24-hour
recall, the food frequency questionnaire, and
dietary records kept over several days.>> No
matter which approach is used, food intake
measurements contain considerable error. A per-
son may not remember what he or she ate or how
the food was prepared, a problem exacerbated
when the respondent did not prepare the meal.
Even with models and photographs to help study
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participants, the estimation of portion size may
be inexact. The considerable variability in day-to-
day intake of particular foods and nutrients
means that substantial error may accomipany a
24-hour recall estimate of food intake.

The consequence of this measurement error in
dietary assessment is that some people are mis-
classified, that is, placed in an incorrect (with
respect to what was truly eaten) category of
intake. As a result, the observed relative risk for a
given category of intake is attenuated compared
with the “true” relative risk.>**’

Moreover, it is entirely plausible that nutri-
tional factors may be important during earlier
life. Because diet assessed in later life is, at best,
only partially correlated with earlier life diet, the
true relative risks for earlier life diet are likely to
be markedly attenuated when estimated on the
basis of diet assessed in later life. Investigators
are attempting to develop and validate question-
naires that would permit assessment of early diet,
but an accurate assessment of earlier life diet
may remain elusive for some time.

There has been a great deal of interest in
developing “hard” biological markers of dietary
exposure, but work in this area is still prelimi-
nary. Potential markers of fat intake include
serum cholesterol, aggregate serum fatty acid
profiles, and check or adipose cell fatty acids, but
there is no definitive marker of fat intake. Serum
carotenoids and fecal fiber may be of value in
assessing the intake of fruits and vegetables and
other high-fiber foods. It may be possible to
develop markers that reflect an overall dietary
pattern more accurately than single nutrients.
For example, serum cholesterol may correlate
more strongly with a low-fat/high-fiber diet than
with a low-fat diet alone. The use of biological
dietary exposure markers in case-control studies
is problematic, because both the disease and its
treatment may affect the value of these markers.

Dietary homogeneity. Another potential
methodological difficulty in epidemiologic stud-
ies of diet and large bowel cancer is the relative
homogeneity of diet within the countries or
regions where studies are carried out. The 10-
fold cross-national range in large bowel cancer
rates corresponds to a range in, for example,
dietary fat intake of 18% to 42% calories from fat
and 10 to 50 g of total dietary fiber a day. The
range of nutrients such as fat and fiber within the
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US population is considerably less than the
international range; only about 5% of the US
population reports an intake of less than 25%
calories from fat,”® and only 10% of the popula-
tion reports a consumption of more than 20 g of
fiber daily.” Therefore, the relative risk for those
in the highest versus the lowest categories of
intake for fat and fiber will be considerably lower
than 5 (corresponding to the international varia-
tion in large bowel cancer rates). Epidemiologic
studies have to be quite large to have sufficient
statistical power to detect relative risks in the
range of, say, 1.5 to 2.0, but this may well be the
magnitude of risk that prevails within countries
with relatively homogeneous diets. The homoge-
neity problem may be avoided to some degree by
conducting studies in areas with populations
having relatively diverse diets.

HOST FACTORS IN THE ETIOLOGY OF LARGE
BOWEL CANCER

Host factors may confer differential suscepti-
bility to large bowel cancer and may be either
inherited or acquired.

A genetic predisposition to large bowel cancer
has been well documented in patients with famil-
ial polyposis coli, a rare syndrome characterized
by multiple colorectal polyps, which occurs with
a population frequency of approximately 1 in
10,000.'2 By age 30 about 50% of these patients
will have developed large bowel cancer, and by
age 50 the incidence of colorectal cancer ap-
proaches 100%. Less striking predispositions to
large bowel cancer are seen in other inherited
polyposis syndromes and in patients with the
*“cancer family syndrome,” who exhibit multiple
adenocarcinomas, particularly of the colon and
endometrium.®® There is also evidence for a
familial component to the risk of so-called
“sporadic” large bowel cancers, with a family
history of colon cancer in a first-degree relative
conveying a threefold increase in risk.%!

The explanation for familial aggregations of
large bowel cancer may be genetic, as suggested
in a recent analysis of Utah kindreds, which
supported a dominant pattern of inheritance for
susceptibility to adenomatous polyps and large
bowel cancer.®' It is possible that one genetically
controlled mechanism affecting susceptibility may
involve varying metabolic phenotypes in the acti-
vation and excretion of ingested carcinogens.®?




430

However, familial mechanisms need not be ge-
netic. Barly shared diet could influence risk,
perhaps via the establishment of specific fecal
floral populations that are resistant to subsequent
change.”

Another well-documented example of an ac-
quired host factor might be the predisposing
medical condition ulcerative colitis (the develop-
ment of which may in turn represent genetic
influences as well). The risk of large bowel cancer
in ulcerative colitis patients is high, reaching
50% incidence after 30 years with the disease.

Both acquired and inherited factors can mod-
ify one another. Colonic surgery, for example,
has been shown to reduce the incidence of rectal
adenomas in familial polyposis.®

The reciprocity of the environment-host rela-
tion is reflected in potential risk factors such as
lack of exercise,”t low parity,” and obesity.*
These factors have often been regarded as envi-
ronmental “exposures,” but they can also be
considered as host characteristics.

INTERMEDIATE ENDPOINTS

Studies of the microlevel processes (mecha-
nisms) potentially involved in the genesis of large
bowel malignancies have been reviewed
clsewhere” " Investigations of mechanisms can
enrich understanding of large bowel carcinogene-
sis and direct attention to new preventive strate-
gies (carried out at the population or clinical
level).

Diet influences several bowel processes with
possible etiologic significance. According to the
model of a continuum of large bowel carcinogen-
esis (Fig 1), these internal processes (intermedi-
ate endpoints) can be divided into two categories!
general changes in the internal large bowel
environment and specific changes in the large
bowel mucosa.

Changes in the Internal Environment of the
Large Bowel

The following changes in the internal bowel
environment are potential links in the causal
pathway to cancet.

Fecal mutagenicity. In the attempt 10 link
dietary carcinogens and risk of large bowel
cancer, an intermediate endpoint of great intu-
itive appeal is fecal mutagenicity. Correlational

studies have indicated that fecal mutagenicity 18
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elevated in populations who consume high-fat,

. jow-fiber dicts and are known to be at high risk

for large bowel cancer.”’ These observations have
suggested the possibility of identifying fecal
carcinogens that cause large bowel cancer while
in passage through the pbowel. However, opti-
mism in this research area has been tempered by
the discovery that not all fecal mutagens are
dietary in origin or even carcinogenic.68 Future
work will likely focus on the effects of specific
mutagenic ractions or compounds such as cooked
meat metabolites »

Bile acid-neutral sterol excretion. The role
of bile acid and neutral sterol metabolism as
modulators of colorectal cancer continues to be
debated with inconclusive results. The laboratory
evidence supporting a role for bile acids in large
bowel carcinogenesis has been reviewed
elsewhere.!' As one example of a possible etio-
logic mechanism, the secondary bile acids (de-
oxycholic and lithocholic acids), produced by the
action of bowel flora on the primary bile acids
released from the liver into the intestine, have
been shown 10 irritate the mucosa of the large
bowel.® Because inflammation is followed by
increased cell turnover as part of mucosal repair,
there is some reason to suspect that excessive
excretion of secondary bile acids may promote
large bowel tumorigenesis.

However, no specific measure of secondary (or
any) bile acid excretion consistently relates 10
risk of large bowel cancer. Similarly, investiga-
tors have postulated that the fecal concentrations
of various cholesterol metabolites, the neutral
sterols, affect risk but pertinent epidemiologic
studies have been inconsistent.!>® Some of this
confusion may reflect the confounding effects of
colorectal bleeding, which is very common in
patients with large bowel cancet and which
dramatically affects fecal bile acid and neutral
sterol measurements M Thus, the relation of these
compounds to risk may not be reliably observable
with the case-control study designs that have
been used. However, it has proven relatively
uninformative L0 study patients with cholecystec-
tomies who have increased enterohepatic circula-
tion of bile. Investigators observing an increased
risk of subsequent Jarge bowel cancer cannot
disentangle true risk from the possibility of
detection bias related to increased postoperative
surveillance.72 A promising current line of inves-
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tigation is the follow-up of large cohorts of
patients taking serum cholesterol-lowering medi-
cations that may increase fecal bile acid and
neutral sterol excretion. '

Bowel flora. In research related to bile acid
and neutral sterol metabolism, investigators have
looked for patterns in colonic microfloral popula-
tions or bacterial metabolic activity that might
signal an increased risk of large bowel cancer.”
At lcast superficially, the epidemiology of bowel
cancer supports an important role for the colonic
microflora, with cancer rarely occurring in the
relatively germ-free small intestine but com-
monly in the contiguous large bowel where plen-
tiful microflora contribute much of the dry stool
weight. However, no firm conclusions have been
reached in this research area, perhaps because of
the great difficulty of typifying the complex
ecosystem of anaerobic organisms that populate
the bowel.

pH. Some researchers have proposed that an
elevated pH within the large bowel lumen is a
risk factor for large bowe! cancer.® Several
ecologic studies have shown that fecal pH is
higher in those geographic areas or among popu-
lation groups with higher colon cancer incidence
relative to those with lower colon cancer
incidence.™ Two small case-control studies have
shown a higher pH in the feces of cases compared
with that of controls.”>’6

pH may influence large bowel carcinogenesis
by its effect on lipids within the colonic lumen®*;
a small percentage of dietary fat is not absorbed
and appears in the feces as free fatty acids.
Similarly, a small amount of bile avoids the
normal reabsorption associated with the enterohe-
patic circulation in the small intestine and ap-
pears as free bile acids in the large bowel lumen.
Ionized free bile and free fatty acids are irritat-
ing and toxic to large bowel epithelial cells, and
the proportion of the free bile and fatty acids in
the ionized state rises as the intraluminal pH
increases.™ In support of these theoretical consid-
erations, one animal study has shown that the
damaging effect of ionized lipids is pH-depen-
dent, with little effect at a pH of 5.9 and much
more extensive damage at a pH of 7.9.7

Specific Alterations in Large Bowel Epithelium

Intermediate endpoints that involve a specific
alteration—at the organ, tissue, cell, or molecu-
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lar level—may affect the structure and/or func-
tion of the large bowel.

DNAadducts. Anintermediate endpoint that
has stimulated great general interest is the forma-
tion of DNA adducts, the binding of putative
carcinogens to cellular DNA.”® Conceptually,
DNA adducts can be viewed as the ultimate
measurement of carcinogenic exposure, of the
biologically effective dose. But this concept may
be naive because exposures to accepted carcino-
gens (such as benzopyrene from cigarette smoke)
have resulted in high levels of DNA adducts not
only in “target” tissues (such as the lung) but
also in tissues resistant to tumor formation (such
as heart muscle).” DNA adducts are difficult to
measure. Current assays depend on the collection
of tissue samples and require a great deal of time
and technical expertise. Nonetheless, there is
enthusiasm for exploring the possible signifi-
cance of DNA adducts as intermediate end-
points. With regard to large bowel carcinogene-
sis, a feeding experiment in primates recently
showed DNA adducts in the colon mucosa
{among other tissues) following administration
of one of the heterocyclic amines found in cocked
meats, a compound that had already been shown
to produce tumors in rodents.”® The relevance of
this result will be more clear once ongoing
carcinogenicity experiments in the same species
of primate are completed.

Chromosome alterations and oncogenes.
Recently, an expanding set of specific chromo-
somal abnormalities has been documented in
patients with increasingly severe colorectal ade-
nomatous polyps and cancer.’® These alterations
include allelic deletions and ras -gene mutations,
and the presence of multiple concurrent abnor-
malities has been associated with a high probabil-
ity of severe disease and a worse prognosis. It is
unclear whether these abnormalities represent
the cause or effect of worsening neoplasia. At a
minimum, an appreciation of these common
chromosomal alterations may prove useful for
more accurately placing patients with polyps on
the natural history continuum from benign to
malignant disease.

Researchers have detected altered expression
of several oncogenes as well as endogenous retro-
viral-like DNA sequences in large bowel
neoplasms.®! Although it is plausible that the
structural modification or inappropriate expres-
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sion of oncogenes has a causal role in large bowel
carcinogenesis, these molecular changes could
also represent merely the consequences of vari-
ous stages of malignant transformation.

Cell kinetics/prolijération/muscosal damage.
One of the most promising intermediate end-
points involves proliferation of large bowel epithe-
lial cells.®* The normal proliferative region of the
large intestine is found in the lower twe thirds of
the colorectal crypts. Cells migrate up the crypts
to cover the crypt surface and are exfoliated from
the mucosal surface in 3 to 8 days in humans. As
the cells migrate upward, they mature and lose
their ability to proliferate. Autoradiographic tech-
niques using (ritiated thymidine have been used
to characterize epithelial cell kinetics. The label-
ing index referred to in studies using this tech-
nique represents the proportion of cells within a
crypt, or at a given height along the crypt, that
are undergoing DNA synthesis (ie, are in the
S-phase of the cetl cycle).® Thus, although this
assay is not a direct measure of the formation of
new cells,® it is likely to be a proxy for cell
proliferation.

The precise role of hypcrprolifcration in large
bowel carcinogenesis remains to be determined.
It is possible that specific environmental expo-
sures (including but not necessarily restricted to
genotoxins) lead 1o hyperproliferation, which
leads to neoplasm formation. Alternatively, cer-
tain genotoxins may act only in the presence ofa
hyperprolifcrative state induced by environmen-
tal (particularly dietary) or genetic factors.

Several studies have now shown that the label-
ing index is higher in persons from populations
with a higher incidence of large bowel cancer
compared to persons from populations with lower
incidence rates.”” The labeling index has also
been shown to be higher in the pormal mucosa of
subjects with a history of cancer of adenomas. In
addition to the human studies of the effect of
calcium carbonate supplementation on the label-
ing index, 26 a recent study has shown that a
bolus of corn oil increases the index.®

Other mucosal changes that could serve as
intermediate endpoints. Another possibly use-
ful measure of cell proliferation is the tissue level
of ornithine decarboxylase, 2 rate-limiting €n-
zyme in the biosynthesis of polyamines associ-
ated with cell growth.85 Increased ornithine decar-
boxylase activity has been observed in the large
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bowel mucosa of patients with colonic polyps of
cancer,2® and high levels of ornithine decarboxy-
lase may indicate mucosal proliferation and in-
creased cancer risk. No large epidemiologic stud-
ies of this possible intermediate endpoint have
been reported, probably because current assays
require colonic cell samples obtainable at present
only by mucosal tissue biopsies, ruling out the
general testing of asymptomatic controls.

Another suggested marker of early large bowel
neoplasia is an alteration in the biochemistry of
the mucins normally produced by colonic mu-
cosal cells. Certain mucin-associatcd antigens,
rarely expressed by normal colonocytes, are fre-
quently expressed by malignant, premalignant,
and to some extent hyperplastic colonic mucosa B
One group has proposed a colorimetric assay that
may permit the detection of altered colonic
mucins.®® I validated in prospective studies, this
simple test of a mucus sample ohtained on
routine rectal examination could be used in
population studies.

Validation of Intermediate Endpoints

Figure 1 shows the direct causal linkage from
environment-host through intermediate end-
points to cancer. The alteration in the intermedi-
ate endpoint is 2 necessary step in the develop-
ment of cancer, that is, exposure works through
the intermediate endpoint. The goal of intermedi-
ate endpoint research has been 1o discover an
intermediate endpoint that could serve as a proxy
for neoplasia so that an experimental manipula-
tion of the endpoint would mean that the same
manipulation would have a similar impact on
neoplasia. Only if the intermediate endpoint is
in-—or is tightly linked to—the causal pathway to
cancer, as shown in Fig 1, would the intermediate
endpoint serve this purpose.

However, a given biomarker may be associated
with large bowel cancer but not be a necessary
step in the causal pathway to cancer. In particu-
lar, two noncausal relations between 2 marker
and cancer need to be considered.

First, an environmental exposure may affect
both the marker and cancer, but with the marker
having no causal relation to cancer. The marker
will be perceived as being correlated with cancer
(eg. populations at high risk of cancer will tend to
have higher values of the marker). An interven-
tion that modifies the environmental exposure




LARGE BOWEL CANCER PREVENTION

will change the marker but need not have any
influence whatsoever on the development of can-
cer.

Second, changes in a given marker may be the
consequence rather than the cause of large bowel
cancer. In that case, specific interventions de-
signed to “counteract” what are really disease-
induced changes in the marker need not have any
impact on the cancer.

A given intermediate endpoint is valuable only
in so far as it relates to exposure(s) and neoplasia
in the causal manner outlined previously. Valida-
tion studies designed to demonstrate these rela-
tions for a given intermediate endpoint are criti-
cal.

Adenomatous Polyps

Adenomatous polyps of the large bowel present
a unique intermediate endpoint in that they have
a well-established link with cancer. (Although
hyperplastic polyps are not considered adenoma-
tous lesions, the word “polyp” is used here to
refer to adenomas.)

The prevalence of one or more adenomas in
middle-age and older adults is more than 30%,
with a male predominance.®® Autopsy studies
indicate that the prevalence increases with age
and may be as high as 50% or more in men and
women older than 60.%°

The epidemiology of polyps is extremely lim-
ited at present. Two small case-control studies of
polyps (most of which were less than 2 cm in size)
suggested a slightly lower intake of fiber and
higher intake of saturated fat among cases.’**?

It is generally accepted that large bowel ade-
nomas are a requisite precursor lesion for most
large bowel cancers. Several lines of evidence
support this idea of a polyp-cancer sequence,’®%*
including (1) cancer foci have been seen in polyps
but not in normal mucosa; (2) residual polyp
tissue has been found in small cancers; (3) some
benign polyps have been shown to develop into
cancers; (4) the proportion of polyps with cancer
increases with increasing polyp size; (5) thereisa
similar anatomic distribution of polyps and can-
cer in the large bowel; (6) the geographic varia-
tion in polyp prevalence corresponds to that for
cancer; and (7) the peak age of diagnosis for
polyps precedes that for cancer by 5 years.
Gilbertsen has shown that patients kept polyp-
free remain cancer free, at least for rectosigmoid
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polyps.”® A recent study of chromosomal aberra-
tions demonstrates increasing chromosomal
anomalies with increasing size and morphologi-
cal atypia of colonic adenomas.*® Moreover, all
adenomas (tubular, tubulovillous, and villous)
have been shown to have malignant potential.®

A particularly attractive feature of adenomas,
from a research perspective, is that they have a
high recurrence rate. (“Recurrence” here refers
to the development of one or more polyps any-
where in the large bowel after prior removal of
one or more polyps.) In retrospective endoscopy
studies, annual adenoma recurrence rates of
between 15% and 35% have been reported, %6190
although some 10% of these “new™ adenomas
likely reflect missed polyps at the index
endoscopy.”’ In a small randomized intervention
study of the effect of vitamin C and E supplemen-
tation on large bowel polyp recurrence, McKe-
own-Eyssen et al observed an annual recurrence
rate of 30%.'"" The high rate of polyp recurrence,
at least 10% per year, means that an adequately
powered intervention study could be carried out
that is substantially smaller and shorter in dura-
tion (not to speak of less expensive) than an
intervention trial with large bowel cancer as the
endpoint.

Given the strong evidence for the polyp-cancer
sequence, an intervention that reduces the recur-
rence of large bowel polyps would be highly likely
to reduce the incidence of large bowel cancer.

FUTURE RESEARCH

The research logic developed here suggests

several directions for future studies.

1. Animal experiments with manipulation of
diets reflecting human dietary patterns
(rather than single nutrients).

2. Continued efforts to develop “hard” biclog-
ical markers of dietary intake, particularly
for lipid, fiber, and vegetable and fruit
intake. These efforts will aid in assessing
what people truly eat.

3. Further observational epidemiological inves-
tigations of large bowel adenomatous pol-
yps.

4. Intermediate endpoint validation studies.

a. Animal experiments. To the extent that
it is possible to perform intermediate
endpoint assays without killing animals,
then “complete” animal models can be
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created in which diet is manipulated, the

endpoint is assayed, and the animals are

followed to tumor development.

b. Case-control studies, in which intermedi-
ate endpoint determinations are made
for cases and controls. The case-control
study design remains less expensive and
faster than a prospective approach if
issues of bias can be satisfactorily ad-
dressed. However, biased biological mea-
surements in patients with large bowel
cancer are difficult to avoid. Major con-
cerns include tumor effects such as the
influences of bleeding, effects of diagnos-
tic procedures, treatment effects follow-
ing bowel resection, and dietary modifi-
cations due to gastrointestinal disease
with secondary changes in biological
measurements. For all intermediate end-
points of interest, the investigator must
address the possibility of disease af-
fecting the measurements before suggest-
ing a causal interpretation of any ob-
served case-control differences. Despite
methodological care, it is conceivable
that some intermediate markers can only
be validated using a prospective ap-
proach.

¢. Cohort and intervention studies. The
ideal approach to validating intermedi-
ate endpoints is to integrate them in
prospective studies, either observational
cohort studies or prevention trials, in
which specimens are collected before the
development of cancer (or polyps). Be-
cause only a relatively small proportion
of study subjects will have a neoplastic
endpoint, analyzing the data on all cases
and only a fraction of the noncases (the
nested case-control or case-cohort'® de-
sign) is a reasonable way to proceed.

5, Analytic epidemiologic studies of large

bowel cancer. In light of the inconsistency
in previous epidemiologic studies of large
bowel cancer, as well as some of the method-
ologic problems cited above, three sugges-
tions may be of value.

First, if investigators are t0 make use of
the efficiencies of the case-control design, it
is essential to establish that retrospective
dietary histories do not bias results. One
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approach to this problem is, in the context
of ongoing cohort studies, to assess the diet
of large bowel cancer cases and controls.
These assessments can be compared with
dietary data obtained at the cohort base-
line.

Second, validation studies of the accu-
racy of dietary assessment should be built
into the overall study.'® If, for example, a
food frequency questionnaire is the primary
assessment instrument, dietary records can
be collected over several days from a statis-
tically appropriate sample of the overall
cohort.

Third, studies should be large enough to
compensate for both the error in dietary
assessment and the dietary homogeneity
problems. Countries with a fair amount of
dietary diversity would be particularly good
places for these studies, but even relatively
dietarily homogencous countries can be
studied if the sample size is large enough to
encompass a substantial number of persons
at the “tails” of dietary intake for various
nutrients. For cohort studies in which bias
from retrospective dietary histories is not
an issue, this may mean sample sizes of one
hundred thousand or more. Such studies
would undoubtedly be logistically complex
and expensive—and probably few—but this
is preferable to a large number of inconsis-
tent and unconvincing smaller studies. It
may well be possible to coordinate these
cohort studies in advance, in effect establish-
ing a kind of prospective meta analysis.

.. Adenomatous polyp recurrence trials. Inter-

vention trials are major undertakings in-
volving much effort. Why not just direct
resources to additional laboratory investiga-
tions or observational epidemiology? The
rationale for these trials is that they can
address essential questions that cannot be
answered by animal or analytic epidemio-
logic studies. These questions include (1)
Will dietary change be effective in humans?
(2) Will changes in an individual diet have
an effect? (3) Will dietary changes be
effective in the short-term? and (4) Will
changes in adult life be effective? Further-
more, a major goal of research in the diet
and large bowel cancer area is to provide a
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scientific basis for recommending and imple-
menting dietary changes. It is unlikely that
any combination of further animal re-
search, clinical investigations employing
nonneoplastic endpoints, or observational
epidemiological studies will be sufficiently
persuasive to influence public health
policy.'™ The Committee on Diet and
Health of the National Academy of Sci-
ences has recently concluded that “to ob-
tain definitive information on the role of
diet and cancer in humans, it would be
desirable to conduct intervention trials in
which diets are modified in specific ways. . . .
Although intervention trials are likely to be
very expensive, the magnitude of the health
problem and the lack of satisfactory treat-
ments for many major types of cancer
warrant such an investment of human and
financial resources.”'%*

Several intervention studies involving supple-
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mentation with vitamins or calcium are under
way. The completed study by McKeown-Eyssen
et al shows a 17% reduction in polyp recurrence
in the intervention group, but the study was not
large enough to rule out this being a chance
finding.""" The National Cancer Institute is cur-
rently planning a multicenter intervention study
to determine whether a low-fat, high-fiber, vege-
table- and fruit-enriched dietary pattern will
reduce polyp recurrence.

Although each type of investigation proposed
here has the potential to advance understanding
of large bowel cancer, the large cohort and polyp
intervention studies are especially promising. In
particular, should positive nutritional findings
from these large cohort studies parallel those
from the polyp trials, we will have come close to
proving a causal link between diet and large
bowel cancer and thereby providing a firm scien-
tific foundation for prevention of this disease.

REFERENCES

1. Silverberg E, Boring CC, Squires TS: Cancer statistics
1990. Ca 40:9-26, 1990

2. Knight KK, Fielding JE, Battista RN: Occult blood
screening for colorectal cancer. JAMA 261:587-593, 1989

3. Fath RB, Winawer SJ: Endoscopic screening by flexible
fiberoptic sigmoidoscopy. Front Gastrointest Res 10:92-101,
1986

4. Fleischer DE, Goldberg SB, Browning TH, et al:
Detection and surveillance of colorectal cancer. JAMA
261:580-585, 1989

5. Kazuo T, Hirose K, Nakagawa N, et al: Urban-rural
differences in the trend of colorectal cancer motality with
special reference to the subsites of colon cancer in Japan. Jpn
J Cancer Res 76:717-728, 1985

6. Ziegler RG, Devesa SS, Fraumeni JF: Epidemiologic
patterns of colorectal cancer, in DeVita VT Jr, Hellman S,
Rosenberg SA (eds): Important Advances in Oncology.
Philadelphia, PA, Lippincott, 1986, pp 209-232

7. McMichael AJ, Giles GG: Cancer in migrants to
Australia: Extending the descriptive epidemiological data.
Cancer Res 48:751-756, 1988

8. Drasar BS, Irving D: Environmental factors and cancer
of the colon and breast. Br J Cancer 27:167-172, 1973

9. Weisburger JH, Wynder EL: Etiology of colorectal
cancer with emphasis on mechanism of action and preven-
tion, in DeVita VT Jr, Hellman S, Rosenberg SA (eds):
Important Advances in Oncology. Philadelphia, PA, Lippin-
cott, 1987, pp 197-220

10. Bruce WR: Recent hypotheses for the origin of colon
cancer. Cancer Res 47:4237-4242, 1987

11. Hill MJ: Mechanisms of colorectal carcinogenesis, in
Joosens JV, Hill MJ, Gebres J (eds): Diet and Human
Carcinogenesis. New York, NY, Elsevier, 1985, pp 149-163

12. Ron E, Lubin F: Epidemiology of colorectal cancer

and its relevance to screening. Front Gastrointest Res 10:1-
34, 1986

13. Kolonel L: Fat and colon cancer;: How firm is the
epidemiologic evidence. Am J Clin Nutr 45:336-341, 1987

14. Willett WC, Stampfer MJ, Colditz GA, et al: A
prospective study of diet and colon cancer in women. Am J
Epidemiol 130:820-821, 1989

15. Reddy BS: Dietary fat and colon cancer, in Autrup H,
Williams GM (eds): Experimental Colon Carcinogenesis.
Boca Raton, FL, CRC Press, 1983, pp 225-239

16. Kay RM: Effects of diet on the fecal excretion and
bacterial modification of acidic and neutral steroids and
implications for colon carcinogenesis. Cancer Res 41:3774-
3777,1981

17. Reddy BS: Diet and excretion of bile acids. Cancer
Res 41:3766-3768, 1981

18. Deschner EE, Coben BI, Raicht RF: Acute and
chronic effect of dietary cholic acid on colonic epithelial cell
proliferation. Digestion 21:290-296, 1981

19. Reddy BS, Watanabe K, Weisburger JH, et al: Promot-
ing effect of bile acids in colon carcinogenesis in germ-free
and conventional F344 rats. Cancer Res 37:3238-3242, 1977

20. Newmark HL, Wargovich MJ, Bruce WR: Colon
cancer and dietary fat, phosphate, and calcium: A hypothesis.
JNCI 72:1323-1325, 1984

21. Gaginella TS, Chadwick VS, Debongnie JC, et al:
Perfusion of rabbit colon with ricinoleic acid: Dose-related
mucosal injury, fluid secretion, and increased permeability.
Gastroenterology 73:95-101, 1977

22. Birt DF: Fat and calorie effects on carcinogenesis at
sites other than the¢ mammary gland. Am J Clin Nutr
45:203-209, 1987

23. Willett W: The scarch for the causes of breast and
colon cancer. Nature 338:389-394, 1989




A36

24. Graham S, Marshall J, Haughey B, et ak: Dietary
epidemiology of cancer of the colon in western New York.
Am J Epidemiol 128:490-503, 1988

25. Sugimura T: Past, present, and future of mutagens in
cooked foods. Environ Health Perspect 67:5-10, 1986

26. Lyon JL, Mahoney AW: Fried foods and the risk of
colon cancer. Am J Epidemiol 128:1000-1006, 1988

97. Burkitt D: Epidemiology of large bowel disease: The
role of fibre. Proc Nutr Soc 32:145-149, 1973

28. McKeown GE, Bright-See E: Dietary factors in colon
cancer: International relationships. Nutr Cancer 6:160-170,
1984

26. Jensen OM, MaclLennan R, Wahrendorf J: Diet,
bowel function, fecal characteristics and large bowel cancer
in Denmark and Finland. Nutr Cancer 4:5-19, 1982

30. Greenwald P, Lanza E, Eddy G: Dietary fiber in the
reduction of colon cancer risk. J Am Diet Assoc 87:1178-
1188, 1987

31. Jacobs L: Fiber and colon cancer. Gastroentero] Clin
North Am 17:747-760, 1988

32, Life Sciences Research Office: Physiological effects
and health consequences of dietary fiber. Bethesda, MD,
Federation of American Socicties for Experimental Biology,
1987

33. Kritchevsky D: Dietary fiber and cancer. Nutr Cancer
6:213-219, 1985

34, Yang CS, Newmark HL: The role of micronutrient
deficiency in carcinogenesis. CRC Crit Rev Oncol Hematol
7:267-287, 1987

35. Eastwood M: Dietary fiber and risk of cancer. Nutr
Rev 45:193-198,1977

36. Potter JD: The epidemiology of fiber and colorectal
cancer: Why don’t the analytic epidemiologic data make
better sense? in Kritchevsky D (ed): Dietary Fiber in Health
and Disease. New York, NY, Plepum, (in press}

37. Block G, Lanza E: Dietary fiber sources in the United
States by demographic group. JNCI179:83-91, 1987

38. Bjelke E: Case-control study in Minnesota. Scand J
Gastroenterol 9:49-63, 1974 (suppl 31)

39. Kune S, Kune GA, Watson LF: Case-control study of
dietary etiological factors: The Melbourne Colorectal Cancer
Study. Nutr Cancer 9:21-42, 1987

40. Slattery ML, Sorenson AW, Mahoney AW, et al: Diet
and colon cancer: Assessment of risk by fiber type and food
source. JNCI 80:1474-1480, 1988

41. Wattenberg LW: Inhibition of neoplasia by minor
dietary constituents. Cancer Res 43:24485-24535, 1983

47. Graham S, Mettlin G Fiber and other constituents of
vegetables in cancer epidemiology, in Newell GR, Ellison
NM (eds); Nutrition and Cancer: Etiology and Treatment.
New York, NY, Raven, 1981, pp 189-215

43. Lesca P: Protective effect of cllagic acid and other
plant phenols on benzopyrene induced neoplasia in mice.
Carcinogenesis 12:1651-1653, 1984

44. Garland C, Shekelle RB, Barrett-Connor E, et al:
Dietary vitamin 1) and calcium and risk of colorectal cancer:
A 19-year prospective study in men. Lancet 2:307-309, 1985

45. Sorenson AW, Slattery ML, Ford MH: Calcium and
colon cancer: A review. Nutr Cancer 11:135-145, 1988

46. Lipkin M, Newmark H: Effect of added dietary
calcium on colonic epithelial-cell proliferation in subjects at

SCHATZKIN, SCHIFFMAN, AND LANZA

high risk for familial colonic cancer. N Engl J Med 313:1381-
1384, 1985

47. Rozen P, Fireman Z, Fine N, et ak Qral calcium
suppresses increased colonic mucosal proliferation of persons
at risk for colorectal adenoma. Gut 30:650-655, 1989

48. Gregoire RC, Stern HS, Yeung KS, et al: Effect of
calcium supplementation on mucosal cell proliferation in
high risk patients for colon cancer. Gut 30:376-382, 1989

49. Wargovich MJ, Eng VWS, Newmark HL: Calcium
inhibits the damaging and compensatory proliferative cffects
of fatty acids on mouse colon epithelium. Cancer Let 23:253-
258, 1984

50. Wargovich MJ, Eng VWS, Newmark HL, et al:
Calcium ameliorates the toxic effect of deoxycholic acid on
colonic epithelium. Carcinogenesis 4:1205-1207, 1983

51. Klatsky AL, Armstrong MA, Friedman GD, et al: The
relations of alcoholic beverage use to colon and rectal cancer.
Am J Epidemiol 128:1007-1015, 1988

57. Kolonel LN, Le Marchand L: The epidemiology of
colon cancer and dietary fat, in Ip C, Birt DF, Rogers AE, et
al (eds): Dietary Fat and Cancer. New York, NY, Liss, 1986,
pp 25-40

53, Wilkins TD: Microbiological considerations in interpre-
tation of data obtained with experimental animals. Banbury
Rep 7:3-9, 1981

54. Adamson RH, Sieber SM: Chemical carcinogenesis
studies in nonhuman primates. Basic Life Sci 24:129-156,
1983

55. Block G: A review of validations of dietary assessment
methods. Am J Epidemiol 115:492-505, 1982

56. Walker A, Blettner M: Comparing imperfect mea-
sures of exposure. Am J Epidemiol 121 :783-790, 1985

57. Freudenheim JL, Marshall JR: The problem of pro-
found mismeasurement and the power of epidemiological
studies of diet and cancer. Nutr Cancer 11:243-250, 1988

58. Block G: Personal communication, December, 5, 1989

59, Lanza E, Jones DY, Block G, et al: Dietary fiber
intake in the U.S. Population. Am J Clin Nutr 46:790-797,
1987

60. Anderson DE: Risk in families of patients with colon
cancer, in Winawer S, Schottenfeld D, Sherlock P (eds):
Colorectal Cancer: Prevention, Epidemiology and Screening.
New York, NY, Raven, 1980, pp 109-115

61. Cannon-Albright LA, Skolnick MH, Bishop DT, et al:
Commen inheritance of susceptibility to colonic adenomatous
polyps and associated colorectal cancers. N Engl J Med
319:533-537, 1988

62. Snyderwine EG, Battula N: Selective mutagenic acti-
vation by cytochrome P,-450 of carcinogenic arylamines
found in foods. INCI 81:223-227, 1989

63. NichollsRJ, Springall RG, Gallagher P: Regression of
rectal adenomas after colectomy and ileorectal anastomosis
for familial adenomatous polyposis. Br Med J 296:1707-
1708, 1988

64. Bartram HP, Wynder EL: Physical activity and colon
cancer risk? Physiological considerations. Am J Gastroen-
terol 84:101-112, 1989

65. Davis FG, Furner SE, Persky V, et al: The influence of
parity and exogenous female hormones on the risk of colorec-
tal cancer. Int J Cancer 43:587-590, 1989

66. Correa P, Haenszel W: The epidemiclogy of large-




LARGE BOWEL CANCER PREVENTION

bowel cancer, in Klein G, Weinhouse S (eds): Advances in
Cancer Research, vol 20. New York, NY, Academic, 1978,
pp 1-141

67. Schiffman MH: Epidemiology of fecal mutagenicity.
Epidemiol Rev 8:92-105, 1986

68. Ward JM, Anjo T, Ohannesian L, et al: Inactivity of
fecapentaene-12 as a rodent carcinogen or tumor initiator.
Cancer Let 42:49-59, 1988

69. Hayatsu H, Hayatsu T, Wataya Y, et al: Fecal
mutagenicity arising from ingestion of fried ground beef in
the human. Mutat Res 143:207-211, 1985

70. Nomura AMY, Wilkins TD, Kamiyama S, et al: Fecal
neutral steroids in two Japanese populations with different
colon cancer risks. Cancer Res 43:1910-1913, 1983

71. Schiffman M: Unpublished data.

72. Friedman GD, Goldbaber MK, Quesenberry CP:
Cholecystectomy and large bowel cancer. Lancet 1:906-908,
1987

73. Wilkins TD, Van Tassell RL: Production of intestinal
mutagens, in Hentges D (ed): Human Intestinal Microflora
in Health and Discase. New York, NY, Academic, 1983, pp
265-288

74. Walker ARP, Walker BF, Walker AJ: Faecal pH,
dietary fibre intake, and proneness to colon cancer in four
South African populations. Br J Cancer 53:489-495, 1986

75. Pietroiusti A, Giuliano M, Vita S, et al: Faecal pH and
cancer of the large bowel. Gastroenterology 84:1273, 1983

76. Macdonald IA, Webb GR, Mahony DE: Fecal hydrox-
ysteroid dehydrogenase activities in vegetarian Seventh Day
Adventists, control subjects, and bowel cancer patients. Am J
Clin Nutr 31:8233-S238, 1978 (suppl)

77. Rafter JJ, Eng VWS, Furrer R, et al: Effects of
calcium and pH on the mucosal damage produced by
deoxycholic acid in the rat colon. Gut 27:1320-1329, 1986

78. Snyderwine EG, Yamashita K, Adamson RH, et al:
Use of the **P-postlabeling method to detect DNA adducis of
2-amino-3-methylimidazasolo{4,5-f]quinocloine (IQ) in mon-
keys fed IQ: Identification of the N-(deoxyguanosin-8-YL)-
1Q adduct. Carcinogenesis 9:1739-1743, 1988

79. Randerrath E, Miller RH, Mittal D, et al: Covalent
DNA damage in tissues of cigarette smokers as determined
by **P-postlabeling assay. JINCI 81:341-347, 1989

80. Vogelstein B, Fearon ER, Hamilton SR, et al: Genetic
alterations during colorectal-tumor development. N Engl J
Med 319:525-532, 1988

81. Guillem JG, Hsieh LL, O'Toole KM, et al: Changes in
expression of oncogenes and endogenous retroviral-like se-
quences during colon carcinogenesis. Cancer Res 48:3964-
3971, 1988

82. Lipkin M: Biomarkers of increased susceptibility to
gastrointestinal cancer: New application to studies of cancer
prevention in human subjects. Cancer Res 48:235-245, 1988

83. Lipkin M, Blattner WE, Fraumeni JF, et al: Tritiated
thymidine labeling distribution as a marker for hereditary
predisposition to colon cancer. Cancer Res 43:1899-1904,
1983

84, Stadler J, Stern HS, Yeung KS, et al: Effect of high
fat consumption on cell proliferation activity of colorectal
mucosa and on soluble faecal bile acids. Gut 29:1326-1331,
1988

85. Luk GD, Moshier JA, Ehrinpreis MN: Ornithine

437

decarboxylase as a marker for colorectal polyps and cancer.
Prog Clin Biol Res 279:227-239, 1988

86. Koo HB, Sigurdson ER, Daly JM, et al: Ornithine
decarboxylase levels in the rectal mucosa of patients with
colonic neoplasia. J Surg Oncol 38:240-243, 1988

87. Yuan M, Itzkowitz SH, Boland CR, et al: Comparison
of T-antigen expression in normal, premalignant, and malig-
nant human colonic tissue using lectin and antibody immuno-
histochemistry. Cancer Res 46:4841-4847, 1986

88. Shamsuddin AM, Elsayed AM: A test for detection of
colorectal cancer. Hum Pathol 19:7-10, 1988

89. Winawer SJ, Zauber A, Diaz B, et al: The National
Polyp Study: Overview of program and preliminary report of
patient and polyp characteristics, in Steele G Jr, Burt RW,
Winawer SJ, et al (eds): Basic and Clinical Perspectives of
Colorectal Polyps and Cancer. New York, NY, Liss, 1988, pp
35-49

90. Berg JW: Epidemiology, pathology, and the impor-
tance of adenomas, in Steele G Jr, Burt RW, Winawer SJ, et
al (eds): Basic and Clinical Perspectives of Colorectal Polyps
and Cancer. New York, NY, Liss, 1988, pp 13-21

91. Hoff G, Moen IE, Trygg K, et al: Epidemiology of
polyps in the rectum and sigmoid colon: Evaluation of
nutritional factors. Scand J Gastroenterol 21:199-204, 1986

92. Macquart-Moulin G, Riboli E, Gornee J, et al: Colo-
rectal polyps and diet: A case-control study in Marseilles. Int
J Cancer 40:179-188, 1987

93. Muto T, Bussey JHR, Morson BC: The evolution of
cancer of the colon and rectum. Cancer 36:2251-2270, 1975

94. Sugarbaker PH, Gunderson LL, Wittes RE: Colorec-
tal cancer, in DeVita VT, Hellman S, Rosenberg SA (eds):
Cancer: Principles and Practice of Oncology. Philadelphia,
PA, Lippincott, 1985, pp 795-884

95. Gilbertsen VA, Nelms JM: The prevention of invasive
cancer of the rectum. Cancer 41:1137-1139, 1978

96. Fowler DL, Hedberg SE: Follow-up colonoscopy after
polypectomy. Gastrointest Endosc 26:67, 1980

97. Waye JD, Braunfeld S: Surveillance intervals after
colonoscopic polypectomy. Endoscopy 14:79-81, 1982

98. Aubert H, Treille C, Faure H, et al: Interest for
colonic cancer prevention of the follow-up of patients after
endoscopic resection of colorectal polyps: 123 cases. Gastroen-
terol Clin Biol 6:183-187, 1982

99. Neugut Al Johnsen CM, Forde KA, et al: Recurrence
rates for colorectal polyps. Cancer 55:1586-1589, 1985

100. Wegener M, Borsch G, Schmidt G: Colorectal ade-
nomas: Distribution, incidence of malignant transformation,
and rate of recurrence. Dis Colon Rectum 29:383-387, 1986

101. McKeown-Eyssen G, Holloway C, Jazmaji V, et al:
A randomized trial of vitamins C and E in the prevention of
recurrence of colorectal polyps. Cancer Res 48:4701-4705,
1988

102, Wacholder S, Boivin J-F: External comparisons with
the case-cohort design. Am J Epidemiol 126:1198-1209, 1987

103. Willett WC, Sampson L., Stampfer MJ, et al: Repro-
ducibility and validity of a semiquantitative foed frequency
questionnaire. Am J Epidemiol 122:51-65, 1985

104. Committee on Diet and Health (National Research
Council): Diet and health: Implications for reducing chronic
disease risk. Washington, DC, National Academy Press,
1989




